This paper presents a framework to analyze knowledge work in the changing context of new ways of working. Knowledge work increasingly takes place as collaboration from different and changing workplaces due to mobility, multi-locational, and geographical distribution of participants. We define the framework based on five key factors that pose challenges to the performance and productivity of knowledge work performed in distributed teams. The framework extends and integrates traditional performance models of task, team structure, and work process, with context factors like workplace, organization policy and ICT infrastructure. The framework is applied in a qualitative comparative cross-case analysis to eight globally distributed teams in two Fortune 100 high-tech companies. We conclude with a series of specific challenges for each factor when studying distributed knowledge work. It is shown that due to changing contexts knowledge workers, teams, and organizations need to constantly adapt, readjust, and re-align according to the five factors.
productivity (Antikainen & Lönnqvist, 2005; Harrison et al., 2004; Drucker, 1991; 1999; Ramírez & Nembhard, 2004) . KW is intangible and often there is no single correct outcome or approach (Orlikowski, 2000) . In the new work context of globalization and mobile multilocation supported by technology many traditional approaches to enhance and value KW outcomes in terms of performance and productivity, i.e., focus on costs as input factors and quantity and timeliness as output factors, might not be suitable. In distributed collaboration, there are many other aspects like work processes between inputs and output and -especiallychanging contexts that influence the work of knowledge workers (Bosch-Sijtsema et al., 2009 ). This study defines and applies a framework of five key factors impacting KW in new work contexts, of which we particularly focus on factors that present a challenge for KW performance and productivity in distributed collaboration. The framework is applied qualitatively in eight case studies at team level focusing on distributed collaboration. Through the framework, we gain insight for each factor to support KW in distributed collaboration.
The structure of the paper is as follows: section two discusses the theoretical points of departure and the five factors of the framework to study KW in the context of distributed collaboration. In section three the methodology for data gathering and analysis is presented.
Section four discusses our main findings in terms of the five factors that impact KW (task, structure, processes, workplace and organization context). In section five we relate the findings to literature, and in section six we conclude the study.
Theoretical points of departure
Studying the performance and productivity of knowledge work (KW) is an important topic discussed in knowledge work productivity (KWP) literature (Drucker, 1991; 1999) .
However, the development of measurements for KWP has been difficult and no common measurement categories and methodologies have been accepted (Ramírez & Nembhard, 2004) . KW is often intangible, complex and there are many different approaches to reach a certain output (Orlikowski, 2000) . These characteristics of KW result in difficulties to study KW with traditional productivity methods. Productivity methods are usually based on the ratio of quantitative output and input indicators. However, this simplifies the true nature of KW as there is not necessarily a direct relation between input and output; there are often intervening and moderating factors related to the process and the context of performing tasks.
Moreover, in KW methods of output and input are logically related to intangible factors, e.g., quality of service and increased expertise of employees. The output by input productivity formula alone may not be applicable for KW and a wider perspective is needed, which would relate "output" indicators of KW to task, process and contextual factors as "input" indicators.
The majority of KWP methodologies use quantity to assess productivity and only a few apply quality (Ramirez & Nembhard, 2004 ) and pay attention to task, process and context factors.
Furthermore, KW is often performed in cooperation with others, who are mobile or globally distributed, which underlines the influence of group structure on productivity.
Since KWP literature mainly focuses on individual KW in collaborative work we address literature focusing on team performance and effectiveness (see reviews of Cohen & Bailey, 1997; Gladstein, 1984; Guzzo & Dickson, 1996; Kozlowski & Ilgen, 2006 ) that has studied these topics with help of the Input-Process-Output (I-P-O) logic. In this literature, the logic of an input-process-output heuristic has dominated the conceptualization of performance for collocated teams (Antoni & Hertel, 2009; Kozlowski & Ilgen, 2006) as well as for VTs (e.g., Hertel et al., 2005; Martins, Gilson, & Maynard, 2004) . In the I-P-O framework (Bell & Kozlowski, 2002; Kozlowski & Ilgen, 2006; Marks, Matthieu & Zacarro, 2001 ), inputs refer to task characteristics and the composition and structure of the team in terms of the constellation of individual characteristics and resources. Processes refer to activities that team members engage in, combining their resources to resolve task demands. Processes mediate the translation of inputs to performance and affective outcomes and learning (Hackman, 1987) . As Kozlowski and Ilgen (2006) remark, the I-P-O model is useful as a heuristic model, but treating it as a causal model encourages taking a limited and static perspective on team effectiveness and the dynamic processes that underline it. A team is embedded in a multilevel system of individual, team, and organizational level aspects; which focuses centrally on task-relevant processes; which incorporates temporal dynamics encompassing episodic tasks and developmental progression; and which views team processes and outcomes as emergent phenomena unfolding in a proximal task-or social context that teams in part enact while also being embedded in a larger organization or environmental context (Kozlowski & Ilgen, 2006; Marks et al., 2001) . Even though teams are embedded in larger organization contexts, often the mobile, multi-locational, and distributed locations and changing work contexts are not studied in (virtual) team literature.
An important aspect of knowledge workers is that they often work in many different locations (e.g., home, travelling or commuting, customer"s or remote office) (Gareis, Lilischikis & Mentrup, 2006) . The workplace of a distributed worker is an important part that can support individual and collaborative KW (Heerwagen et al., 2004) . The constant change in workplace location is particular important to understand in the new work context of mobile and globally distributed work (Halford, 2008) . Work related to space in virtual settings often focuses on proximity and distance (O"Leary & Cummings, 2007; Taylor & Spicer, 2007 ).
However, current management literature lacks studies of the physical environment and its impact on communication and collaboration (Cairns, 2002; Halford, 2008 
Factors impacting distributed knowledge work
In order to study distributed KW using different locations we identify five key factors that impose challenges for the performance and productivity of teams working in changing working contexts. In understanding KW on team level, the performance input-process-output (I-P-O) models are claimed to be incomplete because of minor attention to often transient contextual factors. In the discussed literature, tasks and structural characteristics of distributed teams are considered as input factors determining the nature of intra-team processes, which are then moderated by workplace and organization context factors producing material, behavioural and affective team outcomes. The five factors are task content, team structure, team work process, workplace, and organization context. (Gladstein, 1984; Drucker, 1999; Bell & Kozlowski, 2002; Kozlowski & Ilgen, 2006) influences the team structure and collaboration process of teams. In VT literature, the team task sets the minimum requirements for the resource pool needed by team members in terms of knowledge, skills and competences (Bell & Kozlowski, 2002) . Team tasks also determine the workflow structure and coordination demands (i.e., exchanges of information, behavior) necessary for accomplishing individual and team goals and resolving task requirements (Kozlowski & Ilgen, 2006) . Furthermore, in new work contexts many knowledge workers perform multiple tasks and have multiple goals, which increase task complexity (Marks et al., 2001 ). Both individual and team task contents are combinations of (a) simple to high complexity (Pyöriä, 2005) , and can vary from routine to problem-solving and creative tasks (Andriessen, 2003) .
Task contents in terms of individual and collaborative tasks
(b) low to high interdependence, and (c) low to high task ambiguity.
Complexity refers to cognitive and emotional demands of tasks, whereas task interdependence describes the degree of task-driven interactions among group members and is determined when team tasks are designed and defined. Task interdependency has been categorized as pooled, sequential, and reciprocal (Thompson, 1967) , in which reciprocal interdependency, work requiring mutual adjustment, is common for KW and project-based teamwork. The higher the task"s required level of interdependence and task complexity in distributed settings, the more demanding pacing requirements for intra-team communication and collaboration and for the team"s interface with the external context are needed (Bell & Kozlowski, 2002; Maznevski & Chodoba, 2000; Thompson, 1967) . Task ambiguity is the lack of clarity on colleagues" expectations on the team task. With ambiguous team tasks the time needed to reach a shared goal may increase (Martins et al., 2004) .
2.
Team structure refers to properties of a team and its members, and consists of team size, members" geographical location, cultural background, temporal boundaries, organizational membership, knowledge, skills, abilities (KSAs), personality characteristics, team tenure (Chi, et al., 2009) , and experience that team members bring into the team. These aspects impact performance and effectiveness in teams (Cohen & Bailey, 1997; Gladstein, 1984; Guzzo & Dickson, 1996) and are important aspects discussed in VT literature. VT literature discusses expertise, team member"s personalities, culture, and language differences in this respect (Hertel et al., 2005; Martins et al., 2004; Maznevski & Chudoba, 2000) . In KWP literature the focus is on autonomy of individual knowledge workers, but teams or team structures that can impact KW are neglected. Autonomy in terms of teams" selfmanaging behavior is positively related to team performance according to literature (Rousseau & Aubé, 2010) .
3.
Team work processes are an important factor that has an impact on team performance, and affective and behavioral outcomes (Antoni & Hertel, 2009; Cohen & Bailey, 1997; Gladstein, 1984; Guzzo & Dickson, 1996; Marks et al., 2001) . Team work processes refer to those interactions with which team members combine their resources to resolve task demands (Antoni & Hertel, 2009) . Team processes are classified according to whether they are cognitive, affective/motivational, or behavioral in nature (Kozlowski & Ilgen, 2006) . This study focuses on the behavioral work processes of coordination, cooperation, and communication of team members; team skills, competencies and performance functions; and regulation, performance dynamics, and adoption. In VTs, the major activities that support team work processes are: (1) planning and goal setting, (2) communication, cooperation, coordination, information transfer and learning, (3) and interpersonal processes like cohesion, trust, and satisfaction (Andriessen 2003; Hertel et al., 2005; Martin et al., 2004 , based on Marks et al., 2001 . VT literature has strongly focused on communication and the implications of distributed work for trust (Jarvenpaa & Leidner, 1999) , dealing with conflicts (Armstrong & Cole, 2002) and creation of cohesion (Hertel et al., 2005) , while KWP literature studies the planning and goal setting of KW in terms of timeliness in finalizing work. KWP looks at project success in terms of overall result of the work, as well as team interaction and communication (Ramirez & Nembhard, 2004) .
4.
The workplace as a working environment has an impact on the work that is performed (Chan et al., 2007; Heerwagen et al., 2004) . A workplace can be perceived as a complex web of interdependent physical, social, and organizational factors that, in combination, influences informal communication, interaction, and learning patterns (Becker, 2002) . Right sizing and redesign of space can lead to a better fit between workplace design and users' tasks; employees' workplace can support and improve work performance (Vischer, 2005) . In addition, information and communication technology (ICT) is substantially imbedded in workplaces. The connectivity enabled by these technologies has opened new opportunities for how, when and where people work. Wherever a workplace of a team member is, it can be seen as an integration of spaces consisting of (1) a physical space (e.g., an office, home or a customer site); (2) a virtual space (i.e., ICT, like email, video conferencing); (3) a social space or interaction space in which people meet formally and informally (e.g., in meeting rooms, coffee rooms, hall ways) (Fruchter, 2005; Vartiainen & Hyrkkänen, 2010) . The virtual space and social space are important for distributed collaboration (Davenport, Thomas & Cantrell, 2002; Scott 2005) . Some studies on global teams show that non-jobrelated communication contents are positively related to performance, satisfaction, and the work climate (Hertel, Geister & Konradt, 2005) . Even though the workplace is important for VTs, it is neglected in current literature on KW.
5. The organization context in which KW is performed is important to team outcomes (Cohen & Bailey, 1997) . Teams are embedded in a broader organizational system and task environment that drives the difficulty, complexity, and tempo of the team task (Kozlowski & Ilgen, 2006) . This context can be the organizational structure and resources available in the organization (Gladstein, 1984) , organizational culture (Moon, 2010) , as well as policies concerning ICT infrastructure standards and working conditions. The organization context is mentioned in team performance, VT, and in KWP literature, but often not studied from a multi-location context perspective. In workplace literature the organization context is discussed in terms of infrastructure and policies that have an impact on how people work (Richert & Rush, 2005) , but usually focuses on single locations. Figure 1 presents the five-factor framework for analysing KW in distributed work contexts.
The literature discussed above suggests that task, team structure, team work process, workplace, and organization context factors can impact KW in new work contexts of distributed collaboration. In the next part of the article we apply these five factors to study qualitatively how they impact KW in globally distributed collaboration.
Methodology
We performed a comparative in-depth qualitative case study analysis (Eisenhardt, 1989) to identify criteria, based on five factors impacting KW of distributed collaborative teams. As shown from the discussion above, KW and KW outcomes are difficult to study (Ramírez & Nembhard, 2004) . KW can often only be observed once it is instantiated in human action or information flow (Schultze, 2000) . Therefore, we chose to apply an explorative multi-method qualitative approach to study KW in eight case studies. The studied distributed teams work with both collocated and remote team members and at least one of the team members is working from afar. In Table 1 we present the case studies and apply the categories of O" Leary and Cummings (2007) to describe the different types of dispersion (spatial, temporal and configuration of the team in terms of site, isolation and imbalance) within these distributed teams. In all eight cases we performed observations on how people work when they collaborate in new work contexts. In addition, we collected data using interviews and qualitative surveys.
Case studies
We studied eight distributed teams in two Fortune-100 high-tech companies. The global companies had a strong emphasis on new product and service design producing consumer electronic products by a high number of academic and professional staff (Baruch, 1997) . We studied five teams at one location in the US (PROTO), two teams at Nordic European locations (SERVICE and PERFORM) and one global team in both a US and Nordic European location (DESIGN). All teams had different expertise, tasks and workplaces (see Table 1 ).
Three teams worked in areas like customer relation management (SERVICE), procurement (PROTO PROCURE) and performance management (PERFORM). While four other teams delivered (rapid) prototypes, designs and products (PROTO ENGINEER 1 & 2,
and DESIGN), and tested these prototypes (PROTO TECH). The PROTO MANGEMENT team managed all the five teams of PROTO (see table 1 for more details).
Data collection and analysis
In this qualitative study, we held semi-structured 1½-hour interviews with a sample of members (in total 35 interviews) from the eight teams. We applied the same interview outline in all cases. The interviews included topics like: tasks, team and reporting structure, performance, reward system, enablers and hindrances for KW, communication, technology, and workplace issues. With 35 interviews we reached saturation of data (Corbin & Strauss, 2008) . The interviews helped to identify persons we could shadow. We observed and shadowed knowledge workers in their natural (physical) work setting (McDonald, 2005) to understand how they work and collaborate in and from their workplace with their distributed team members. Observations can provide unique insights into the day-to-day working practices because of its emphasis on the direct study of contextualized actions (McDonald, 2005) . We observed the workplace of knowledge workers in all eight teams -2-day observation per team. Furthermore, in total we observed 16 team meetings (both formal and informal) and team teleconference meetings, and we shadowed in total 22 persons for either a full or a half-day. For the observations and shadowing we applied observation protocols for different activities. For meetings and individual shadowing we observed the tasks at hand (what), collaboration (what, how, with whom, where), location and layout, and tools and technology used. We collected photographs and video material during our observations, which were used to analyze the observation data. Furthermore, the teams filled out three background surveys developed for this research. Survey 1 collected descriptive data with open-ended questions on the team, individual and collaborative work tasks and the locations these tasks are performed, communication tools used, and perceived enablers and hindrances of KW. Survey 2 included questions on task complexity, interdependence, autonomy, satisfaction, workload, and perceived individual and team performance. Survey 3 focused on the workplace (i.e., reasons for coming to the office, its suitability to individual and collaborative work, and enablers and hindrances), and access to ICT for these teams to perform their work. Next to open-ended questions, other responses were given on 5-point scales from 1= low / strongly disagree / not at all to 5 = high / strongly agree /very much. The survey was sent to all eight teams (N=83), participating voluntarily, by email and the response rate of all surveys was high from 60 till 100% (see Baruch & Holtom, 2008) in all teams (see Table 2 ). In all teams the team leader or senior manager supported the study, send out the survey invitation, and promoted the study internally. During our data collection we had close communication with the teams and their managers in order to receive their full participation for observations, survey responses and interviews.
Since the survey data was mainly qualitative we only use the survey data qualitatively to validate our field observation findings. The qualitative survey data and the interviews helped to select the observation points and people to be shadowed. The cross-case analysis started by coding the open-ended questions of the surveys and interviews performed by the entire team over a period of six months. The team started with a set of top-level themes as initial starting codes defined by the team based on the literature review of the five factors, KW, and measurements of performance. In the next stage individual team members separately continued to code the data and these codes were compared within the team iteratively. The codes were very similar and no large discrepancies between the codes were found. All the qualitative data was systematically put through stages of naming data, comparing data incidents and memoing (Corbin & Strauss, 2008) . Our research team consisted of researchers from organization behavior, VT, and workplace fields and we had the advantage of these three perspectives in analyzing the data. The observational data was in notes, photographs, video and paths drawn on office layouts, and three collocated researchers performed the analysis of the observations over a period of three months. Within the team we developed a protocol of specific themes that were found during the coding process and these themes were confirmed, falsified or explained in more detail with help of the observations. In order to see if the five factors for KW in distributed settings work well as an analysis framework, we apply the framework in eight case studies. Through analysis and comparison of the multiple data sources we gained more insights related to specific findings as well as validated these findings. All results were reported to the management teams of the eight cases through interactive workshop sessions to validate the findings.
Findings
We present the findings of the comparative case study analysis by applying the framework to collaborative distributed KW. We focus on key challenges for distributed KW in relation to the five factors of task, team structure, team work processes, workplace, and organization context.
High complexity, interdependency, and ambiguity of tasks influence KW
Although the eight cases had rather different tasks (see Table 1 ), all team members performed complex and interdependent KW. All teams mentioned that they spend on average 50% on individual tasks and 50% on collaborative tasks.
In all cases team members perceived their tasks as very complex. These tasks included Task interdependence was reciprocal, and consequently had a high level of complexity in all cases, and required to be performed by several members simultaneously. The high task interdependence implied that frequent information had to flow between the different remote groups. The teams crossing temporal and spatial boundaries like DESIGN, PROTO ENGINEER1, ENGINEER2, SERVICE, and PERFORM mentioned the challenges of high task interdependence over time. In DESIGN team members sometimes changed their working day hours to night hours in order to be able to work together on projects with team members in the US, Japan, and Europe.
Task ambiguity can be related to project stages and work in geographically distributed teams. We observed that collocated employees, i.e., the five PROTO and PERFORM teams had less task ambiguity than distributed employees, because their collocation offered opportunities to have frequent face-to-face communication to discuss expectations on the team tasks. These teams shared the same work environment and context that made their work transparent. However, for the distributed teams like DESIGN and SERVICE task ambiguity was high since they communicated less frequently, had fewer opportunities to discuss mutual expectations due to temporal and spatial distance, and did not share the same work environment.
Asymmetry in team structure configurations influence team performance
The team structure is applied as an input factor that together with the task, workplace, and organization context influences team work processes, and work outcomes. We considered distribution of seniority, domain expertise, and years of work experience in the company as criteria that influence the performance of a distributed team. An asymmetry in team configuration as a function of these three criteria was perceived as a hindrance to complete remote work (e.g., SERVICE and DESIGN).
Lack of time and access to resources impact work processes
The work processes of the teams were different. We focused especially on factors that impact team work processes for distributed collaboration.
An important issue emphasized by all cases was that the team members had little access to past corporate knowledge on earlier project tasks. Especially the five PROTO teams and PERFORM viewed this as problematic since work was performed double and could be more effective with access to past knowledge on similar projects or work. We observed in DESIGN that the process of developing ideas (including brainstorm sessions, earlier ideas, failed ideas, etc) was not stored digitally and therefore not shared with the remote members or with other teams within the company. The ability to follow past projects or to learn from work processes at remote sites becomes more difficult when work development processes are not stored or shared.
All teams mentioned high workloads due to working in multiple projects simultaneously, not having enough time to perform their tasks, and very little reflection time for their complex tasks. Especially in the PROTO teams, members worked on average on six different projects, while some of the PROTO teams, i.e., PROTO MANAGEMENT and ENGINEER2, worked on nine projects simultaneously. On average three of these projects were together with remote sites either in the US, EU and Asia. The workload and multiple project work was perceived to have a negative impact on the work that needed to be done. One team member of PROTO mentioned: "The most current challenge is the enormous amount of information flow that changes daily. The question is how effectively can you keep up with it and meet your performance objectives". SERVICE and PROTO ENGINEER2, and PROTO TECH felt that they had little control over the amount of work they performed. The teams reported in the survey and interviews that they felt a high work and information load and had too little time to perform their task. From observations we noticed that members needed to switch back and forth between different projects and teams daily and this caused an attention load, especially when these teams were geographically distributed.
These high workloads determined high demands on reflection time in order to process the complex work, load of information and dealing with switching attention between projects and teams. However, reflection time was very low in all cases. In six cases i.e., SERVICE and all five PROTOs, team members mentioned that they had no to very little reflection time.
In open questions of the survey and interviews, members mentioned they would prefer time to conduct quiet work. Others mention interruptions and workflows that are broken down that impact their work, as well as the fact that they do not have enough time to concentrate and get on with their work. The teams suffered from high workloads, multi-projecting and had to perform ambiguous, complex and interdependent tasks in a distributed global setting. A PROTO member mentioned: "People I need to interact with are unavailable because of meetings and their high workload". With little reflection time in their working days, the work becomes taxing on the team members and can impact the outcome and quality of the KW performed.
Impact of physical, virtual, and social workplace
We primarily analyzed the workplaces from the perspective of the main workplace that is the "main office" although the team members used other sites for work too. In all cases, the teams reported that their physical workplace -the office -was important to their work. The main reasons for coming to the office were to work with colleagues (> 60% of all teams), to interact informally (>50% for seven teams) with colleagues, and to build team identity (seven teams scored >40%). For the teams that developed products and prototypes, another reason for coming to the office was to work in the labs using the prototyping equipment. Below we discuss the physical, virtual, and social workplace in more detail.
Physical workplace. The physical work environments of the teams differed substantially.
The two Nordic teams SERVICE and PERFORM worked in open plan offices that offered different types of workspaces for both individual and collaborative tasks, e.g., dedicated desks, team rooms, meeting rooms, free address desks and informal work areas. DESIGN and all PROTO teams worked in older offices with cubicles (with high and low partitions), lab spaces and model workshops. All teams worked with dedicated desks, except SERVICE. SERVICE members worked in multiple locations both in one office and in four EU countries, the remote EU members of the team traveled to the Nordic office once per month for one week. During their visits to the office, the mobile team members had to occupy a free desk that was available on a first come first served basis and consequently they had to search for available workplaces. One SERVICE member discussed the Nordic office when the team met once a month: "The team members are distributed in three places (places in the same For all the PROTO teams, the workplace consisted of a large cubicle land in which the testing and prototyping labs were embedded in the cubicle area. The teams of ENGINEER1/2 and TECH mentioned the advantage of having the labs close by as well as their access to the equipment. However, 20% of PROTO teams mentioned in the background survey that noise and distractions of the labs were a hindrance for concentrated work. PROTO teams mentioned the difficulty of developing prototypes in a distributed setting.
"Team members that are not within a relatively small radius (200 feet) do not have the benefit of informal brainstorming and troubleshooting. Those offsite are left out of many of the important verbal interactions and interactions around hardware or other development and test equipment."
In DESIGN, the team worked in an open office space (dedicated team space) in which the local teams (both in the US and in the Nordic site) were sitting close together and had the ability to share their work on large display walls. 25% of DESIGN mentioned in the background survey, that the US office space was not suitable for working with their remote team members due to lack of privacy, they perceived noise of the open space, and lack of small meeting rooms in which members could share video and material and prototypes. 19% of DESIGN mentioned that they perceived difficulty in sharing the material on the large display walls. The US DESIGN team also had remote labs (two miles away) to develop their prototypes. Especially the manager of the US site complained that communication and Social workplace. The social workplace supports the interaction between people, it is embedded in the physical and virtual workplace, and shows the importance of informal working areas, coffee corners and proximity to colleagues for ad-hoc and informal interactions. The teams reported that the proximity to their team was very important and one of the main reasons for coming or traveling to the office. In all teams the informal places are used for ad hoc discussions and social gatherings. In SERVICE the informal spaces were used often daily for both informal and formal meetings. In PROTO we observed that due to cost reductions the informal coffee corner was taken away, and many members mentioned that this had a negative impact on their motivation and informal community building. The remote members (especially the isolated members) however mentioned the difficulty of not having a social environment to meet each other informally and they felt they were left out.
Organization context requires policy and infrastructure alignment
The organization context is represented by organization culture, policies and standards, i.e., the organizational context in which the teams are working. Due to the global economical situation, the global high-tech companies were implementing organizational changes and cost reductions during the research period. From the interviews and surveys, all cases reported their current challenges on company policies related to distributed KW, such as the lack of company alignment of location workplace and ICT infrastructure policies. The teams faced cost savings on ICT, reduction of travel budget and workspace, which were perceived as frustrating and counterproductive. A manager from the SERVICE case mentioned: "One
common policy across the whole company is moving more towards virtual and global teams, but the company does not give you the framework all the time to do your work… the company pushes you in that direction to do your work like that [virtual and global work], but it does not support you in terms of policies, in terms of giving you the freedom, in terms of giving the tools to do it."
All companies cut travel budgets and workspace, e.g., in PROTO reduced the number and space of labs, in SERVICE and PERFORM the desk space was reduced, and DESIGN worked in a workplace that did not support their work. Furthermore, the ICT infrastructure policy of the company impacted remote communication and collaboration, especially while traveling or working mobile since they need to be in constant contact with their team.
PROTO and DESIGN were impacted by local ICT policies on security, lack of standardization, and accessibility, which hindered remote collaboration. The US DESIGN manager mentioned: "The firewalls firm restricted policy is a hindrance for working in our team. The policies of the organizations were perceived as a hindrance by 15% of the PROTO teams in the background survey.
Discussion
These findings emphasize the fact that contexts for distributed KW change and differ due to geographical distribution, mobility, and multiple locations used to perform knowledge work. Contexts are changing in two meanings. First, activities of a team take place in different locations, i.e., DESIGN team with three remote locations. Second, team members move and travel a lot being mobile and multi-locational using many locations to work, i.e., SERVICE and the PROTO teams. Consequently knowledge workers, teams, and organizations need to constantly adapt, readjust, and align to the changing work contexts.
Many researchers mention the difficulty in studying KW performance and productivity (Antikainen & Lönnqvist, 2005; Bosch-Sijtsema et al., 2009; Davenport et al., 1996; Orlikowski, 2000; Pyöriä, 2005) as well as the difficulty to find suitable categories and methods to study KW (Ramírez & Nembhard, 2004) . Therefore, we argue that traditional productivity measures of KW based on output per input need to be extended with factors concerning the context of KW to include workplace, organization policy, and organization infrastructure. From the findings it becomes clear that KW is impacted by the context in which knowledge workers perform their activities. This context is different for distributed team members and the context is changing when team members travel, work mobile, and work in multiple locations. Geographically distributed work requires an alignment at the organizational level in terms of workplace, organization policy, and ICT infrastructure needed for KW teams to collaborate. For mobile knowledge work -due to working in different locations people have to travel between sites -teams and its members need to adapt and readjust to the local context, i.e., the social and physical workplace, organization policy and local ICT infrastructure. The new ways of working in terms of global, mobile, and multilocational knowledge work requires knowledge workers and teams to readjust and adapt to the different contexts, and an alignment of the organization policy and infrastructure at the organization level.
In VT literature, team performance as well as team tasks, structure, and processes impact team outcomes. Kozlowski and Ilgen (2006) argue that a team is embedded in multilevel systems with individual, team and organizational levels. Therefore, the context in terms of workplace including physical, virtual and social spaces in which the team works, and organization policy and infrastructure that supports it, need to be included. In VT literature the focus has been on culture, conflict, trust (Hertel et al., 2005; Jarvenpaa & Leidner, 1999; Martins et al., 2004) and technology supporting VT communication and collaboration.
However, VT literature has overlooked the importance of changing physical environments and the alignment needed within the organization context in which VT members work and which affects their work through IT infrastructure, policies and organizational culture.
Furthermore, traditional KW productivity methods have mainly focused on individual KWP (Ramírez & Nembhard, 2004) and have neglected KWP in teams, either collocated or virtual.
KWP literature often focussed on the output/input formulae and has neglected distributed team work processes that impact outputs. Even though distributed collaboration often takes place in multiple locations, virtual team performance literature neglects to discuss the topic of multiple locations or the impact of changing workplaces of knowledge workers (Cairns, 2002; Halford, 2008; Vartiainen & Hyrkkänen, 2010) in terms of the physical place where the VT member works -which can be anywhere; the virtual place in which the VT member collaborates and communicates is often discussed in IT related literature, but goes hand in hand with the physical and social place in which VT members operate.
By extending traditional KWP methods with context factors like workplace and organization policy and infrastructure, we found specific challenges for distributed KW in new working contexts. Below we discuss the main challenges that were found to impact distributed KW.
Asymmetry of team configuration:
New ways of working creates contexts that are different and that are changing. The changing and distributed context has an impact on how teams cooperate and how teams are configured. From the eight teams we found that an asymmetry in team configuration (O"Leary & Cummings, 2007) , diversity and disparity in skills, knowledge, abilities and experience for distributed teams can have a negative impact on work processes, knowledge transfer, collaboration, and increases task ambiguity. The asymmetry in our cases in terms of seniority and experience had an important impact on the distributed team"s performance (e.g., DESIGN) in how they worked together remotely. The team structure is often discussed to have an impact on team effectiveness (Antoni & Hertel, 2009; Cohen & Bailey, 1997; Gladstein, 1984; Guzzo & Dickson, 1996) and VT performance (e.g., Armstrong & Cole, 2002; Cramton, 2001; Hertel et al., 2005; Maznevski & Chudoba, 2000) . According to Peters and Karren (2009) , team members value the expected contribution of VT skills diversity and relate this to performance. According to Hertel et al. (2005) restricted communication opportunities -due to time differences -in VTs might prevent a constructive use of diversity and can increase misunderstandings and conflict.
However, a balanced mixture of team configuration diversity, seniority and experienced people who are collocated can have beneficial impacts on the team work processes, and team satisfaction, as seen from this study.
Lack of time and access to resources:
The changing and distributed context of KW in new work settings had an important impact on the work processes of the distributed teams (Fruchter, Bosch-Sijtsema, & Ruohomäki, 2010) . From the case studies we found that teams and their members needed to adapt and readjust their way of working when changing their context in terms of workplace. For example the mobile case of SERVICE showed that team members who travel to the Nordic location needed to navigate and find their team members and adjust to the local physical and social workplace. All teams faced a high workload, high information loads, worked in multiple teams, and had multiple tasks. Furthermore, the teams and their members worked in multiple workplaces for their tasks and project teams (i.e., different sites, and/or different locations locally like labs, model workshops, meeting rooms, team rooms, dedicated desks). This implies that project team members have to switch from one project team to another and from one task to another. Switching between projects, tasks and different and changing contexts contribute to a high attention load increasing in this way cognitive and affective mental workload. In addition, work schedules do not take into consideration the time required for knowledge workers to switch mentally from one project to another. Consequently, knowledge workers have little reflection time. From KW literature the reflection time is an important aspect in order to learn and transfer knowledge and impacts KW productivity (Davenport, et al., 2002) . The lack of reflection time in combination with high work and information loads often hinders how knowledge workers are able to deal with highly complex and ambiguous tasks in a distributed and changing context. Distributed settings in our study faced a high task ambiguity and complexity. Because of the geographical distribution tasks take longer time, and scarce face-to-face encounters make it difficult to coordinate the distributed work (Bell & Kozlowski, 2002; Maznevski & Chudoba, 2000; Thompson, 1967) . The high task complexity triggers a high demand on attention distribution and need for reflection time to deal with this complexity causing losses in work processes. Research on VTs has discussed the importance of planning, i.e., goal setting, communication and coordination as well as interpersonal processes like trust, cohesion and conflict resolution (Armstrong & Cole, 2002; Hertel et al., 2005; Martins et al., 2004) , however, often lacks discussions on the access to resources and time availability.
Impact of the physical, virtual, and social workplace: the workplace is known to have an impact on the work that is performed (Heerwagen et al., 2004) , however, the workplace as changing context is neglected in KW productivity literature as well as VT literature. The workplace context for distributed teams is different due to geographical distribution and the workplace is changing due to mobile and multi-locational work. The workplace has an impact on KW since knowledge workers need to adjust and adapt to different workplaces as well as to changing workplaces (physical, virtual and social).
Furthermore, we found that tasks are performed in different locations and places. In our cases tasks were performed in different places like the dedicated desks, meeting rooms, video conference rooms, labs and workshops as well as in various locations during traveling, different sites or at home. Due to the changing work context and workplace, geographical distribution and mobility knowledge workers move from one space to another, from their dedicated desk or office to a meeting room that is an ICT augmented place, to a free address desk. Knowledge workers are mobile in their corporate campus, which implies that they have to adjust and adapt to new places constantly. Furthermore, the fact that knowledge workers are on the move makes it more difficult to find or locate people (i.e., SERVICE case study).
The constant adjustment and adaptation to the place is not only related to the physical and virtual workplace, but also to the social workplace. The social and informal contact between team members is important for team satisfaction, work climate, and is positively related to virtual team performance (Davenport et al., 2002; Hertel et al., 2005; Scott, 2005) . However, due to mobility, multi-locational work, changing contexts and geographical distribution, team members have less opportunity to easily locate each other and meet informally.
Next to the difficulties of adapting and adjusting to new places, the workplace needs to support the tasks performed by distributed teams. In order to support KW, some of the cases companies adjusted the workplace to become suitable for the specific tasks performed by a distributed team and provided a choice of workplaces for KW. The choice of flexible workplaces that support the type of task that is performed helps the knowledge worker to be more effective. The Nordic cases (SERVICE and PERFORM) provided a variety of workplaces, both for individual and collaborative tasks. This was perceived as an enabler of KW. However, not all workplaces supported the remote or creative work (e.g., in DESIGN and all five PROTO teams). This had negative implications for sharing knowledge, collaboration, and communication. A workplace that supports remote work can enable engagement, interaction, sharing knowledge and create visibility and awareness of remote and local conditions. The intersection of the design of physical workplaces, the rich electronic content such as video, audio, sketching, and ways people interact and collaborate are important in supporting KW (Fruchter, 2005) . Depending on the task complexity, interdependency and ambiguity as well as the content of the collaborative or individual task, team members should have the ability to choose from a set of workplaces for their physical, virtual as well as their social work environment. For distributed collaboration, the social workplaces are very important for interaction, knowledge transfer, and collaboration (Davenport et al., 2002) . Working remotely lowers the frequency of informal knowledge transfer and therefore workplaces can support the informal interaction that can also help to disambiguate tasks driven by location or culture. Non-job-related communication contents are related to performance and members" satisfaction of global business teams and to their climate (Hertel et al., 2005) . We emphasize that team configuration structure as well as type of task and complexity needs to be supported by workplace choices and organization policies and standards. However, from our data we also found that too much workplace choice and flexibility in combination with a strict and rigid workplace policy (e.g., SERVICE) can hinder KW.
Organization context providing aligned workplace policies and ICT infrastructure
standards increases the ability to collaborate distributed. The importance of organization context for team performance is confirmed in literature (Antoni & Hertel, 2009; Cohen & Bailey, 1997) . However, few discussions focus on the impact of workplace and IT infrastructure on distributed KW (Hertel et al., 2005) . The eight studied cases showed that the organization context in terms of ICT infrastructure and workplace policy can be an enableras perceived in the Nordic case of PERFORM -or hindrance for KW -as perceived in the five teams of PROTO and in DESIGN. The workplace as well as the organization context could support distributed collaboration in terms of offering flexible workplaces for remote work, sharing knowledge and information, as well as supporting remote teams with suitable ICT standards and infrastructures on all locations, so that team members are able to share not only text, but also pictures, prototypes, blue-prints and ideas more easily with each other. An important question in studying distributed KW in new working contexts is if and how company policies support distributed, mobile, and multi-locational knowledge work.
Conclusions
In conclusion, we can state that the work context for distributed KW has a major impact on KW performance and productivity. The changing and geographically distributed work context of knowledge workers in new work settings impact how distributed teams deal with complex tasks, asymmetric team configurations, high workloads and lack of reflection time.
They are typically challenged to constantly adapt and adjust to changing work places, and require alignment of organization policies and infrastructures. This paper proposes a framework to study KW of distributed teams in new working contexts in terms of performance and productivity. The framework presents factors concerning the context in which distributed knowledge workers operate. The framework focuses on five key factors that impose challenges on KW in new working contexts, i.e., task, team structure, work process, workplace, and organization context. We illustrate the use of the framework in eight cases of distributed teams and focus in particularly on specific challenges within these five factors that impact the performance of KW in new working settings of distributed, mobile and multi-locational work. The framework provides both theoretical and practical benefits. From a theoretical point of the view, the framework can be applied to study KW in new work contexts. From a practical point of view it explicitly emphasises the importance of strategic alignment and integration of the different corporate business units that are responsible for task, team structure, process, workplace and organizational infrastructure and policy, which currently act as independent business units. 
